Introduction 27
Coffee is a globally consumed beverage and is prepared in a wide variety of formats including 28
Scandinavian type boiled coffee, drip filtered coffee, instant or soluble coffee and espresso. Within The varied format and highly variable size and frequency of consumption makes prediction of risk 42 factors, such as hypertension from caffeine consumption and elevated cholesterol levels from the 43 consumption of diterpenes, challenging for health authorities and manufacturers. 44
The cafestol content of a standard cup of coffee varies depending on brew mechanism but is highest 45 in unfiltered preparation methods such as Scandinavian type boiled coffee and Turkish coffee with up 46 to 88.7 mg/L in some Turkish brews (Table 1) Values for cafestol concentration by brew mechanism from previous studies (Table 1) I(2), I(3), I(4) and I(5) respectively to be comparable to light to medium roast intensities in small batch 92 roasting conditions. 93
Samples were moved to ambient temperature to cool for 2 hours then left to degas over two days. 94
Roasted coffee beans were stored in folded aluminium bags at 4 o C until required, roasted coffee 95 beans were subsequently ground in a KG 49 grinder (Delonghi, Australia) to a uniform size and 96 sieved (Endecotts, UK) to remove fines and large particulates, R&G coffee was stored at 4 o C until 97 required and samples were analysed within 5 days of roasting. 98
Coffee brew preparation 99
Turkish coffee was prepared using a traditional Turkish coffee pot (Grunwerg, Sheffield, UK) prepared 100 with 40 g R&G coffee and 300 ml distilled water (Pur1te select, ONDEO, UK). The brew was heated 101 until it had foamed twice, allowed to settle (5 min) then decanted for analysis. Individual cup size was 102 60 mL. 103
Scandinavian type boiled coffee was prepared by adding R&G coffee (40 g) to boiling distilled water 104 (300 ml), allowed to settle (10 min) then decanted for analysis. Individual cup size was 160 mL. 105
French press coffee was prepared by pouring boiling water (300 mL) on to R&G coffee (40 g) in a 106 glass French press pot (Fisherbrand, US), allowed to stand for 5 minutes and the plunger depressed 107 to separate the brew from the grounds. Individual cup size was 160 mL. 108
Mocha style brewed coffee was prepared with 40 g R&G coffee and 300 ml distilled water in an 109 aluminium Mocha-maker (Oroley, Spain). Individual cup size was 60 mL. 
Tap density and bulk density 123
Tap density and bulk density were measured by the ratio of sample weight to tap volume and bulk 124 volume respectively. R&G coffee was poured into a 20 ml cylinder and tapped three times. The 125 volume and weight was measured before and after tapping of the cylinder on the table three times. 126
Bulk density and Tap density were then calculated. 127
The physical structure of the R&G coffee was affected by varying roast intensities. There was no 128 change in the tap density (after compaction), but there was a significant change in the bulk density 129 (measured after free flow with no shaking or settling) ( Table 2 ). Coffee that had been roasted to a L(5) 130 roast intensity was less dense than coffee roasted to a L(2) roast intensity. Therefore all subsequent 131 experimentation was conducted on a weight basis, to exclude any volume effects on extraction 132 efficiency. 133 Coffee brews were prepared by four brewing mechanisms to investigate the extraction efficiency of 161 cafestol in each process, the absolute concentration of cafestol within a brew is detailed in Table 3 on 162 a mg/L basis for each brew mechanism, this is then further detailed in Table 4 on a mg/cup basis, to 163 illustrate parity and to enable comparisons with previous literature. The extraction yield of cafestol 164 from R&G coffee is subsequently shown in Figure 1 for each roast colour and brew preparation. 165
Impact of brew mechanism and roast time on cafestol brew concentration 166
The concentration of cafestol within the R&G coffee significantly reduced with higher roast intensities, 167 this is detailed in Table 3 . There was a significant reduction from raw green beans to the lightest roast 168 intensity, I(1) and further roasting at levels I(4) and I (5) The relative differences in cafestol concentrations were further highlighted on a cup basis (Table 4) as 177 the two highest cafestol brew concentration samples (French and Boiled) also had the highest cup 178 volume. On a mg/cup basis French press and boiled coffee preparations had the highest cafestol 179 level per cup and mocha had the lowest cafestol per single cup serving. 180
Impact of brew mechanism and roast time on cafestol extraction yield 181
When directly comparing the brew extraction yields between different brew preparation mechanisms 182 (French press, Turkish, Mocha, boiled coffee), a marked and significant difference in extraction yield 183 was identified. Gross did not study French press, and found Turkish to the be the highest whereas Urgert found 211
French press and Turkish to have the highest concentration. It should be noted that all the data in 212 Table 1 are not truly comparable due to differences in brew geometry, brew volumes and roast colour, 213 but do serve to highlight trends that support the general findings shown in Table 3 . 214
There is a small but statistically significant reduction in cafestol in the R&G coffee, with I(5) containing 215 96% the cafestol of the I(1) coffee, this is presumed to be due to thermal degradation of the cafestol 216 with heating. When considering the coffee brews prepared from I(1) and I(5) roast intensities, the I(5) 217 contains, on average, only 58% of the cafestol that brews prepared from I(1) contain. Given that the 218 original coffee only has a slight reduction in cafestol levels due to thermal damage, there must be a 219 significant impact of roast intensity on the physical release mechanisms occurring during extraction to 220 drive this difference. Kurzrock (2001) and Ugert (1995) have previously shown only small or no 221 changes in cafestol concentrations with roast intensity, which supports this finding, but do not elude to 222 the impact of roast intensity on the extraction efficiency of cafestol during brewing. 223
The range of brew extraction yields is shown in Figure 1 , the reason for the significant difference in 224 extraction yield with roast intensity is proposed to be due to changes in the physical structure of the 225 R&G coffee, making it entropically less favourable for the thermal and physical processes to release 226 and emulsify the entrapped oil. As this is driven by the roast intensity, there must therefore be a 227 causal link between heating time and the physical availability of the internal oil reserves of the R&G 228 
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Yield = [ Brew cafestol concentration (mg/L) x total brew volume (L) ] / [ R&G cafestol concentration 384
(mg/kg) x total R&G (kg) ] x 100, where R&G is roasted and ground coffee. 385
